ABSTRACT Enkephalins and enkephalin-containing polypeptides were released from perfused bovine adrenal glands bynicotine and Ba2+, agents that release catecholamines. All the enkephalin-containing polypeptides that are normally found in the a renal medulla were released by the two secretagogues in approximately the same proportions as are present in adrenal chromaffin granules.
It has long been thought that the function of the adrenal medulla is to secrete catecholamines, mainly epinephrine, in response to stressful stimuli. However, it was recently reported that, in addition to catecholamines, adrenal chromaffin vesicles are also rich in another class of physiologically active substances, the enkephalins (1-3). We verified this and found that the adrenal medulla contains not only [Met]-and [Leujenkephalin but also several larger polypeptides, each containing one or more enkephalin sequences within its primary structure (4) (5) (6) (7) (8) (9) . Treatment of the enkephalin-containing polypeptides with trypsin and carboxypeptidase B generates free [Met]-and [Leu]enkephalins. We have identified six major classes of enkephalin-containing proteins corresponding to molecular weights of ;50,000, 22,000, 14,000, 8000, 2000-5000, and t1000 (enkephalin plus enkephalin-containing hexa-and heptapeptides) (4, 5, 8) . These polypeptides appear to be precursors and intermediates in a biosynthetic pathway leading to enkephalin; such a relationship is supported by pulse-chase experiments (10) .
The presence of these polypeptides within chromaffin vesicles raises the possibility that one or more of the larger metabolic intermediates serve as an adrenal hormone. To perform such a role, a substance must be secreted from the adrenal medulla during splanchnic nerve stimulation. The present studies demonstrate that each of the enkephalin-containing peptides and proteins stored in chromaffin vesicles is secreted from perfused bovine glands after stimulation with nicotine or Ba2+.
METHODS
Fresh bovine adrenal glands were cannulated through the adrenal vein and perfused in a retrograde fashion with Mg2+-free Locke's solution at arate of 4 ml/min. Glands were perfused in this manner for at least 30 min prior to the addition of secretagogues. Perfusates were collected in 40-ml fractions into plastic tubes containing 4 ml of 10 M acetic acid/200 mM HCI/1.0% 2-mercaptoethanol with 10 Ag each of pepstatin A and phenylmethanesulfonyl fluoride per ml and were placed on ice immediately after collection. Chromaffin vesicles were isolated from adrenal medulla and extracted as described (4 Table 1 , column B, treatment with the protease and peptidase markedly increased the opioid peptide activity of the material released by secretagogues. Extracts of the secreted material were subjected to chromatography on Sephadex G-75. All of the reported enkephalin-containing polypeptides were present in the perfusate along with free enkephalins (Fig. 1) . The free enkephalins elute with a number of enkephalin-containing hexapeptides and heptapeptides (7) . If one assumes that as much as 80% of this material represents free enkephalin (7), then most of the "enkephalin" released from the adrenal gland is present in precursor form. The same pattern of release was observed when either nicotine or Ba2+ was used as the secretagogue.
When subjected to high-performance liquid chromatography as described (6, 7, 9) , each of the peaks obtained on Sephadex G-75 chromatography (Fig. 1 ) was found to coelute with the corresponding pure polypeptide obtained from chromaffin vesicles (data not shown). When the peak corresponding to enkephalins was subjected to high-performance liquid chromatography, it was found to contain [Met] enkephalinArg6,Phe7 in addition to the two enkephalins. This heptapeptide has also been found in extracts of brain (13) .
Pooled fractions corresponding to the five classes of enkephalin-containing polypeptides (4, 5) were assayed to de- termine the amount of each that had been released. Prior to digestion with trypsin and carboxypeptidase B, activity was present mainly in the enkephalin region (Table 2 ). However, after digestion, more enkephalin activity appeared in each of the other four classes of polypeptides than was present in the enkephalin region. These findings show that stimulation of perfused bovine adrenal glands releases not only the free enkephalins but also all of the enkephalin-containing polypeptides in approximately the same ratios as are present in isolated chromaffin granules. DISCUSSION These studies with perfused adrenal glands indicate that, as with catecholamines, release of enkephalins by nicotine is Ca2+_ dependent and most probably takes place through exocytosis (14) . Of great interest is that, along with free enkephalins, secretagogues release many enkephalin-containing proteins and peptides. Viveros shown that all the characterized precursors and intermediates known to be present in adrenal chromaffin granules (i.e., from the largest to the smallest) are released when beef adrenal glands are perfused with nicotine and Ca2+ or with Ba2+. Furthermore, they are released by secretagogues in nearly the same proportions as are present in the intact storage vesicles (Table 2) .
A question remains as to the significance of all the enkephalin-containing peptides and proteins that are secreted from the adrenal gland into the blood. It is possible that certain of these enkephalin congeners are hormones. Not only free enkephalins but also the larger polypeptides must be considered as candidates for such a role. Some of the larger enkephalincontaining peptides are much more stable toward proteolysis and may contain additional information for targeting the active pentapeptide sequence to specific peripheral receptors. It should be noted that, on a molar basis, some of the large poly- peptides are released from the adrenal medulla in greater amounts than are the free enkephalins ( The various-sized peptides correspond to those previously purified from beef adrenal medulla (8 (17) (18) (19) (20) . Such effects are consistent with the data reported here on the simultaneous release of the enkephalincontaining polypeptides and catecholamines from the adrenal gland. However, many of these tissues are themselves apparently innervated by enkephalinergic neurons which provide a local source of the opioid peptides. Because corticotropin and catecholamines are released in response to stress, the enkephalin-containing peptides associated with these hormones may also be involved in this phenomenon. It is apparent, however, that the sites of action of the pituitary and adrenal enkephalin-containing polypeptides remain to be determined.
